For the past few months we have 
been examining the stability and control 
characteristics of trikes. As we saw, a large 
vertical distance between the wing and 
the CG produces significant nonlinearity 
in the variation of pitching moment with 
angle of attack. 

Another configuration that has a 
large vertical offset of the CG is the Pou 
du Ciel, or “Flying Flea.” The Pou was in 
many ways the first homebuilt in the 
modern sense, in that it was intention- 
ally designed to be built by amateurs and 
flown just for the joy of flying. 

The Pou was designed by Frenchman 
Henri Mignet. Mignet loved flying but 
was, by his own account, a poor pilot 
who had great difficulty coordinating 
turns and avoiding stalling the airplane. 
He set out to create a stall-resistant air- 
plane that an amateur could build easily 
and fly safely with minimal pilot skill. The 
Pou was the result, 

The Pou was a close-coupled tandem- 
wing airplane with the front wing 
mounted high on cabane struts and the 
rear wing mounted on top of the fuse- 
lage. It had no ailerons. Lateral/directional 
control was provided by a large all-mov- 
ing rudder combined with wing dihedral, 
making the Pou a two-control airplane. 

It was controlled in pitch by varying 
the incidence of the front wing. In this, 
the Pou had two features of a modern 
trike: low CG and control by varying the 
angle between the wing and the mast 
connecting the wing to the body. In 
some respects, rather than a tandem 
wing, the Pou is a trike with a tail. The 
original Pou (The HM.14) first flew in 


1933. Mignet published an account of 
his work, as well as plans and instruc- 
tions for building the HM.14 in a book, 
Le Sport de Lair, published in 1934. It was 
soon translated into English. The book 
set off a movement, and many HM.14s 
were built in Europe and England, as 
well as other places. It’s worth reading 
even today if for no other reason than 
Mignet's exuberant descriptions of the 
joy of flying. 

The initial enthusiasm for the Pou 
was dashed when there were a series 
of fatal Pou accidents. These accidents 
were unlike any seen with conventional 
airplanes. They occurred when pilots 
approaching to land put the nose down 


The Flying Flea. 


to descend toward the field. The air- 
plane did not settle onto a steady glide 
path. Instead the dive angle steepened 
progressively, and the Pou dove into 
the ground. It appeared that this steep- 
ening dive was unrecoverable, and the 
pilot was not able to pull out of it. After 
seven such fatal accidents, great concern 
about the inherent safety of the HM.14 
led to government intervention. 


Wind Tunnel Tests 

The Pou was grounded, and wind tunnel 
tests were performed in both England 
and France. The HM.14 was a relatively 
small airplane, and it was therefore pos- 
sible to test full-size airplanes both in the 


An original HM.14 Pou du Ciel, also known as a “Flying Flea,” on display at the Shuttle- 
worth Collection Museum in Old Warden, Bedfordshire, England. 
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French wind tunnel at Chalais-Meudon 
and the British RAE 24-foot wind tunnel 
at Farnborough. 

The British test at Farnborough was 
relatively limited in scope and was pri- 
marily concerned with the behavior of 
the airplane at low angles of attack. The 
French test was more extensive. A copy 
of the complete RAE report, as well as 
images of a French-language magazine 
article describing the French tests can 
be found online at http://pouguide.org/ 
le-pou-en-soufflerie. 

Unsurprisingly, there are some detail 
differences between the quantitative 
results of the two full-scale tests. The 
two tests used two different homebuilt 
airplanes, so it’s not surprising to any 
modern homebuilder that there were 
detailed differences between the two 
ships. The British experimenters mea- 
sured their test article (G-AEFV) very 
carefully and found, among other 
things, that both wings had wash-in, 
and there was as much as 1⁄2 degrees of 
difference in the tip incidence of the left 
and right tips of the wings. 

Despite the differences between the 
tunnels and test airplanes, the results from 
the two tests were essentially the same. 

1. Theairplane was stable at high angles 
of attack and unstable at low angles 
of attack. It became progressively 
more unstable as angle of attack 

decreased. (Note that this change in 
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stability with angle of attack is the 
same as we saw in our analysis of 
trikes in the past few months.) 

Quoting the British report con- 
clusions: “in the dive the instability 
becomes more marked.” 

2. The problem worsened as the CG was 
moved aft, and many Poux were fly- 
ing with the CG as far aft as 50% of the 
front wing chord. 

Quoting the British report conclu- 
sions: “The airplane is unstable in 
normal flight with the CG further back 
than 40% chord.” 

(Author's [B.W.] comment: This 
was of particular concern since the 
pilot sat aft of the CG, making the 
balance of the airplane sensitive 
to the weight of the pilot. A light 
pilot might be flying with the CG far 
enough forward to be safe, while a 
heavier pilot would encounter dan- 
gerous instability.) 

3. At some negative angle of attack 
(-15 degrees in the British test and -9 
degrees in the French test), even full- 
back stick could not command a posi- 
tive nose-up pitching moment. 

This last finding is widely misinter- 
preted in modern writings about the 
Pou. | have seen many statements that 
the airplane would become unrecover- 
able at glide angles of -9 to -15 degrees. 
This is not true. The critical angle is the 
angle of attack of the airplane relative to 


the airstream, not the flight-path angle 
relative to the ground. 

Looking at these results, we can see how 
builders of the original Pou got in trouble. 

The prototype HM.14 had only 17 
hp. It was not able to fly very fast, and 
therefore in level flight, it flew only in 
the angle of attack range where it was 
reasonably stable and controllable. By 
his own account Mignet was a rela- 
tively timid pilot, so it seems unlikely 
that he would have intentionally dived 
the airplane. 

Later builders used more powerful 
engines. They also varied in weight and 
piloting style. It seems natural that a 
heavier pilot would use a more power- 
ful engine in order to have an accept- 
able rate of climb. In this case, we would 
have a more powerful airplane flying 
faster than Mignet, with the CG farther 
aft because of the pilot seat position. 
This made the airplane less stable and 
also more likely to fly at lower angles of 
attack where the instability set in. 


Conclusions 

Here are some notes from the British 
wind-tunnel report conclusions and their 
implications: 

“When the airplane is trimmed in a 
dive it is in unstable equilibrium; i.e., if for 
some reason the airplane departed from 
its steady glide, the divergence would 
increase unless corrected by the pilot.” 

A gust can provide the initial distur- 
bance, even if the pilot has initially cap- 
tured the desired airspeed at zero pitch 
rate. Also, the airplane, if disturbed nose 
down, will continue to pitch nose-down 
at an ever-increasing rate if the pilot 
holds constant pressure on the stick. 

“With unstable equilibrium, the stick 
must be pushed forward to initiate the 
preliminary motion of a dive and then 
immediately pulled back beyond its ini- 
tial position.” 

This is a very unnatural thing for a 
pilot to do. Pilots expect a constant 
stick position to command a constant 
airspeed. It’s easy to see how a pilot 


The Pou was in many ways the first 
homebuilt in the modern sense, in that it 
was intentionally designed to be built by 
amateurs and flown just for the joy of flying. 
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would move the stick forward to start a 


descent and then be caught by surprise | 


when the nose continued to drop at an 
increasing rate. 

“The airplane cannot be flown “hands- 
off” since it needs constant correction, Itis 
obvious that a dive must be approached 


carefully so the desired attitude is not | 


overshot. Overshooting may be danger- 
ous since the airplane may reach the 
ground before it can be righted...” 


The Pou was intended to be flown by | 
amateur, probably self-taught, pilots. | 


Mignet’s goal in evolving the Pou con- 
figuration was to eliminate the stall/ 


spin and the need to coordinate turns _ 
to make flying easier and safer. Unfor- | 


tunately, while he largely succeeded in 
making the Pou spin resistant and flyable 


with two controls, he inadvertently intro- | 


duced another, even more dangerous, 
flying qualities problem. 
The instability and pitch-control non- 


linearity of the original HM.14 at lower | 


angles of attack would make it difficult 
or impossible for even an extremely 
skilled pilot to fly safely. It's not surpris- 
ing that a significant number of low- 
time amateur pilots were fatally caught 
out by it. 

The problem was particularly insidious 
because it did not appear over the whole 
flight envelope. A pilot who had flown his 
Pou repeatedly in the low-speed flight 
regime and found it to be docile and eas- 


y controllable could decide to fly a bit | 


faster, or try a slightly steeper descent 
than he had before and suddenly find 
himself dealing with a machine that was 
dangerously unstable and running away 
with him. The odds that he could figure it 
out in time to prevent an accident were 
tragically low. 

Eventually, Mignet and others found 
ways to fix the problems of the original 
HM.14, and many Pou-style airplanes 


have been built and flown successfully | 


and safely. The Pou formula still has its 
devotees, particularly in Europe. 

Much has been written (a lot of it 
wrong) about the sources of the HM.14 
instability and how to fix it. Next month 
we will take a more detailed look at the 
sources of the problem and fixes to the 
configuration to make it safe to fly. + 
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Last month we looked at the Flying 
Flea (Pou-du-Ciel) and what caused the 
original HM.14 Pou to have a series of 
fatal accidents in which the airplane was 
seen to pitch over into a steep, some- 
times inverted, dive into the ground 
while approaching to land. 

These accidents were of greater than 
normal concern because they were 
unlike anything seen before. 

My research has found at least seven 
such accidents and one contemporary 
report put the number at 11 before official- 
dom intervened and grounded the HM.14. 

A few mishaps that could have been 
attributed to “normal” causes or poor 
workmanship in an Amateur-Built air- 
plane would not have aroused undue 
concern, but the fact that there was 
something different and very specific to 
the type causing a series of fatal crashes 
was cause for great alarm. 


Much was written about the cause 
of the “diving tendency” of the original 
HM.14, both at the time of the original 
Flying Flea accidents and in the ensuing 
years. Unfortunately, most of it is wrong. 

There was a lot of speculation and the- 
orizing at the time. Many later accounts 
simply repeated these unsubstantiated 
theories. Several contemporary theories 
of the cause of the problem were directly 
contradictory to each other. It’s also clear 
that many of the writers lacked technical 
understanding and had never read the 
wind tunnel reports from the full-scale 
tests in Britain and France. 


Slot Effect? 

One concept that got a lot of attention 
was the idea of a supposedly magical 
“slot effect” between the two wings. 
The airflow through the relatively nar- 
row slot between the trailing edge of the 


Mignet HM.14 at the International Aerospace Exhibition, Berlin Schönefeld, May 2006. 
(Source: Stahlkocher [CC BY-SA 3.0] via Wikimedia Commons) 
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More Flying Fleas. 


front wing and the upper surface of the 
rear wing was purported to have power- 
ful (and largely beneficial) aerodynamic 
effects. Mignet is partially responsible 
for this belief since he made it clear in 
his original book that he intended for 
the tandem wings of the Pou to act like a 
wing protected by a Handley Page slot in 
order to provide stall resistance. 

In light of current knowledge, it seems 
likely that the observed stall resistance 
of the Pou was due to natural angle of 
attack limiting, much like that exhibited 
by the Rutan canard designs, rather than 
due to the slot-like interaction between 
the wings. The front wing, which pro- 
vides pitch control, stalls first. As it stalls 
it loses its ability to command any fur- 
ther increase in angle of attack, and the 
aircraft settles into a semi-stalled glide 
or pitch-nod at the angle of attack where 
the forward wing starts to stall. 

At the time of the original Flying Flea 
accidents, the slot effect was believed by 
many to be the source of the Flea’s stall 
resistance and also to play a role in caus- 
ing the uncontrollable dive. 


Two Equally Wrong Theories 
One idea put forth to explain the tuck- 
under was that when the stick was 
pulled back too far, the slot effect pro- 
duced a venture effect between the 
trailing edge of the front wing and the 
upper surface of the rear wing that 
increased the lift of the rear wing so 
much it forced the nose down. 

A different writer stated that “the vital 
slot-effect disappears at small angles of 
incidence” and “The front wing, which 
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acts like an elevator, becomes ineffective 
in the absence of slot effect.” 

It’s obvious that both explanations can- 
not be right since they contradict each 
other. You can’t have a “super slot effect” 
forcing the nose down at the same time 
as “the vital slot-effect” is disappearing. 

Clearly the people offering these 
explanations had not seen or under- 
stood the results of the wind tunnel tests. 


What the Wind Tunnel 

Results Say 

While | have not seen a complete copy 
of the French report, | have been able to 
locate a scan of the report from the test 
done in the RAE 24-foot wind tunnel In 
Farnborough, England (http://tinyurl. 
com/hwq5mgh [Scroll to lower half of 
page for English translation). 

We discussed the pitch instability of 
the Flea, discovered in the wind tunnel 
last month, but did not discuss the con- 
trol power findings relevant to the slot- 
effect theories. 

The plotted test data clearly show 
that the front wing remains an effec- 
tive elevator over its entire range of 
travel. Pulling the stick back does not 
cause a nose-down change in pitching 
moment at any angle of attack within 
the test range. 


Quoting from the report in reference 
to the airplane starting in a 67° dive at 
about 160 mph (a very extreme condi- 
tion): “Pulling the stick hard back to give 
a setting of B=+4.8 deg (front wing inci- 
dence) would give a positive pitching 
moment of about 800 lb. ft. at 100 ft/sec, 
or 4,500 Ib. ft. at the diving speed.” 

Clearly neither loss of elevator effec- 
tiveness, nor sudden control reversal 
was happening. This experimental result 
clearly contradicts both of the slot- 
effect based theories of the cause of 
the dive accidents. 


A Caution and Some 

Early Understanding 

Periodically, the advocates of an uncon- 
ventional configuration will invoke 
some sort of “alternate physics” or some 
unique aerodynamic effect that appears 
only on the new configuration. It's wise 
to treat these statements with great 
skepticism. The physics of flight are the 
same for everyone regardless of the type 
of airplane in question. 

Interestingly, at least one Pou designer/ 
builder understood this relatively early. 
E. L. Baynes, the designer of the Abbott- 
Baynes Cantilever Pou wrote about it in 
Flight magazine (Oct 22, 1936 pp 406-407 
{http://tinyurl.com/{j58jna)). 


Mignet HM.293 at Royal Military Museum, Brussels, A variant of the HM,14, it first flew 
in 1946, (Source: Marcelloe (CC BY-SA 3.0) via Wikimedia Commons) 
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The Cantilever Pou was significantly 
modified from the original HM.14, It 
exhibited better performance and 
good flying qualities with no tendency 
to tuck under. 

Mr. Baynes noted that with the CG far- 
ther aft than 40% chord of the forward 
wing, the airplane would be unstable 
and stated that the far-aft CG positions 
of most standard Poux are “in the writer's 
opinion the primary cause of the acci- 
dents to Poux in France.” 

He pointed out that once the CG was 
moved forward enough to make the air- 
plane longitudinally stable, the rear wing 
would be carrying relatively little load 
(particularly on the Cantilever Pou, which 
had an enlarged front wing, so the area 
of the front wing was almost twice that of 
the rear.) Accordingly, Mr. Baynes stated 
“the machine should be regarded as a 
monoplane with a large tail rather than 
as a tandem-wing machine”. 

Mr. Baynes concluded: “Provided the 
Pou is correctly designed according to the 
accepted rules of the game (and | am sure 
that, fundamentally, it is perfectly sound), 
there is so much to be said in its favour...” 

The article, and the preceding article 
entitled “The ‘Pou’ Situation” starting 
on Page 404 of the same issue of Flight 
(http://tinyurl.com/zqv7utq) are well 
worth reading. 

(A complete archive of Flight Magazine 
is available online at: www.flightglobal. 
com/pdfarchive) 


The Flea as a Cautionary Tale 
In many ways, the popularity of the Pou- 
du-Ciel and its subsequent troubles 
still serve as a warning to current-day 
homebuilders and experimenters. Henri 
Mignet had great enthusiasm for flying 
and laudable goals that still resonate. 
He wanted to make flying simpler, safer, 
less expensive, and more accessible to 
everyone. He created a new airplane con- 
figuration specifically to advance these 
goals. Sadly, he also exhibited a danger- 
ous combination of haste, limited knowl- 
edge, and contempt for conventional 
practice. All of these contributed to the 
unfortunate outcome of his efforts. 
Mignet did his development by cut- 
and-try experimentation. His book has 
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descriptions of many minor accidents 
during development of the Pou. There is 
no doubting his courage. He repeatedly 
flight-tested his airplane after making 
major modifications in attempts to cor- 
rect the cause of his last mishap. 

Once he believed he had it right, he 
was in a great hurry to share the news. 
According to Mignet, his prototype had 
only 8 hours of flying time when he pub- 
lished his book. 

This is not even enough flight test time 

_to clear a recently finished example of an 

‘cepted type, much less properly test a 
new and unconventional machine. For 
perspective, consider that in the U.S., 
current FAA regulations dictate 25 hours 
of test time for a homebuilt with a certi- 
fied engine/propeller combination, and 
40 hours if the engine/prop combination 
is not certified. 

Haste combined with aircraft develop- 
ment and flight test is an often-deadly 
mix. Things can get dangerous quickly 
if the designer plunges ahead believing 
that they know better than the estab- 
lished practitioners of the art. 

Mignet called building and flying of 
Poux “Le Autre Aviation” (The Other Avi- 
ation). A good bit of his book is devoted 
to railing against the failings (in his view) 
of conventional design practice. Some 

his concerns were valid given his 
goal to make his airplane simple, inex- 
pensive, and easy to fly. Unfortunately, 
his apparent contempt for conventional 
practice caused him to violate some 
well-established principles for accept- 
able flying qualities and miss a critical 
flaw in his own design. 

Second, and perhaps more important: 
Departing from conventional practice 
introduces significant risk simply because 
there is less body of understanding of a 
new or radical configuration. 

The technical problems of the HM.14 
that led to the fatal diving tendency 
were caused by a combination of fac- 
tors. Some of these should have been 
obvious even at the time and some were 
more subtle, 

As we saw, Mr. Baynes understood one 
of these quite early and clearly articu- 
lated the dangers of having the CG too 
far aft. This is a concern for all airplanes. 


What was less understood is the | 


effect of the vertical position of the CG, 


which introduced significant nonlinear- | 


ity into the pitching moment behavior. 


This created the situation where the air- | 
plane could be stable at low speed/high | 


angle of attack conditions and danger- 
ously unstable when flown faster. 


This was a direct result of the uncon- | 


ventional configuration and hence 


harder to anticipate. For most con- | 
ventional airplanes, the vertical offset | 
between the CG and the aerodynamic | 


center is small enough that its effects are 


relatively small. Most designers treat the | 
effect as negligible without causing any | 
problems. For the Flea, and for trikes (as | 


we saw a few months ago), the vertical 


CG position is a major player in the stabil- | 


ity and safety of the machine. 
What was particularly insidious about 


the Flea problem is that it produced a | 


dangerous characteristic in a part of the 
flight envelope that is usually the safest 
and of the least concern. This highlights 
a serious issue with unconventional con- 
figurations: An effect that is negligible for 
a conventional airplane can be significant, 
and sometimes dangerous, for a new con- 
figuration. With careful, knowledgeable 
analysis and test, these types of issues can 
be discovered and solved safely. 

Modern homebuilders and experi- 
menters should take warning from the 
sad tale of the Flea. While talented ama- 
teurs have been responsible for some 
remarkable advances in personal avia- 
tion, those who succeed do not ignore 
the large body of knowledge produced 


by the more established part of the air- | 


plane design world. 

Enthusiasm, and a belief you know bet- 
ter than your stodgy, convention-bound 
predecessors is not a safe substitute for 
knowledge and understanding. There is 
no magic, only clever design. The physics 
of flight are the same for everyone, and 
they remain utterly unforgiving no mat- 
ter how enthusiastic the experimenter 
might be. 

Next month we will analyze the Flea 
(to quote Mr. Baynes) “according to the 
accepted rules of the game” and see the 
source of its initial problems and how it 
was cured, + 
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For the past two months we have 
been looking at the story of the Mignet 
HM.14 Pou-du-Ciel (Flying Flea) and its 
dangerous behavior. We continue this 
month with a closer look at the cause and 
cure of its problems. 

The numerous fatal crashes suffered 
by the original Pou, coupled with the 
findings in full-scale wind-tunnel tests 
in Britain and France that it suffered 
from dangerous instability, led to the 
type being grounded, and in some 
countries, banned. 

As we saw last month, understand- 
ing of the cause of the Pou’s problems 
was severely flawed. The ban was based 
on the erroneous idea that the danger- 
ous flying qualities were intrinsic to the 
whole class of configurations, rather than 
type-specific flaws with the HM.14 itself. 

In spite of all of this, Henri Mignet per- 
sisted, and fixes were found that made 
the basic “flea formula” viable. After the 
initial tragic problems with the HM.14 
were fixed, Mignet continued to build 
successful Flying Flea type airplanes for 
the rest of his life. None of these met 
with much commercial success, but 
the Mignet formula survives to this day, 
particularly in Europe. Aircraft using the 
Pou configuration have varied in size 
from single-seat microlights to the 180- 
hp Croses Para-Cargo, which had a span 
of 31 feet and a maximum gross weight 
of almost 2500 pounds. 


Understanding the Problem 

Although a lot of speculative nonsense 
was published at the time of the origi- 
nal Pou accidents, some contemporary 


engineers had a more realistic under- 
standing of the issues with the HM.14. E. L. 
Baynes, the designer of the Abbott-Baynes 
Cantilever Pou, wrote about it in Flight 
magazine (Oct 22, 1936 pp 406-407 [http:/ 
tinyurl.com/j58jnal). Most importantly, he 
realized that there was no magic “alternate 
aerodynamics” happening, commenting: 

“Provided the Pou is correctly designed 
according to the accepted rules of the 
game (and | am sure that, fundamentally, 
it is perfectly sound), there is so much to 
be said in its favour...” 

He noted that with CG farther aft than 
40% chord of the forward wing, the air- 
plane would be unstable and opined 
that the far-aft CG positions of most stan- 
dard Poux were “the primary cause of the 
accidents to Poux in France.” 


4 


- 
Ba Cucaracha 


Flying Flea, part 3. 


In keeping with the idea of using a 
conventional engineering approach, he 
stated, “the machine should be regarded 
as a monoplane with a large tail, rather 
than as atandem-wing machine” because 
with the CG far enough forward to be 
stable, the rear wing was carrying a rela- 
tively small portion of the lift. 

Mr. Baynes had it mostly right, and in 
keeping with his wise counsel to “design 
according to the accepted rules of the 
game,” let’s look further at the HM.14. 


The Pou Configuration 
The Pou configuration has several fea- 
tures that differentiate it from conven- 
tional airplanes: 
+ Tandem-wing configuration with 
short fuselage. 


The first HM.14 to be built and flown in the U.S. was completed in November 1935 and 
is now on display at the Steven F. Udvar-Hazy Center. (Photo: Jarek Tuszyński [CC BY-SA 3.0], via 


Wikimedia Commons) 


Barnaby Wainfan 
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Figure 2: HM.14 with CG at 40% of front wing chord. 


effects of both the horizontal and vertical 
positions of the center of gravity relative 
to the lifting surfaces. 

We start out using the geometry of the 
original HM.14 (G-AEFV), as measured by 
the Royal Aircraft Establishment for its 
wind-tunnel test with the CG placed at 
50% of the chord of the front wing. Fig- 
ure 1 shows the pitching moment for this 

nachine at three wing-incidence set- 
tings (stick positions). 

Looking first at the top plots, we see 
characteristics very similar to those mea- 
sured in the wind tunnel. The airplane 
is stable at high angles of attack and 
becomes progressively more unstable 
as angle of attack decreases. At the 
stick position that trims the airplane at 
11 degrees angle of attack, the airplane 
is on the edge of a cliff. Any change in 
angle of attack, either nose-up or nose- 
down, will result in a negative pitching 
moment. The pilot cannot command any 
angle of attack less than this and trim the 
airplane in a stable flight condition. 

There are trim points at lower angles of 
attack, but at these points the airplane is 
unstable and the trim stick position is aft 
of the trim position for 11 degrees. To get 
there, the pilot would have to push for- 
ward enough to drive the angle of attack 
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below 11 degrees and then pull back 
to arrest the nose-down pitch rate that 
would be increasing. In this flight condi- 
tion, the airplane would be quite unsta- 
ble and require constant corrections to 
prevent it from diverging in pitch. 

Looking at the lower plot, we can see 
what this means to a pilot trying to fly a 
specific airspeed. At speeds below 55 
knots the airplane trims at a stable point, 
and the relationship between stick posi- 
tion and trimmed airspeed is stable: stick 
back trims slower, stick forward trims 
faster, If the pilot pushes forward a little 
too much to command an airspeed above 
55 knots, the airplane will pitch down 
at an ever-increasing rate as airspeed 
increases, unless the stick is pulled back 
well aft of the trim position for 55 knots. 
In this regime, the airplane is unstable 
and will be very difficult to control. 

As we discussed in some detail in Part 1 
of this series, a pilot, particularly an inexpe- 
rienced one, is very likely to be caught out 
by this behavior and be unable to react 
quickly enough and correctly enough to 
maintain control of the airplane. 

Now, per the recommendation of Mr. 
Baynes, lets look at moving the CG forward 
to 40% of the front wing chord. The results 
of this change are shown in Figure 2. 


The angle of attack at which the air- 
plane becomes unstable is now much 
lower, and it maintains the ability to 
command nose-up pitching moment 
to negative angles of attack. The varia- 
tion of stick position with trimmed air- 
speed is now stable (stick back for slow, 
stick forward for faster) to well above 55 
knots. This is a flyable airplane. It would 
still be uncomfortable to fly much above 
55 knots because the stability degrades 
at higher airspeeds, becoming neutral 
at slightly above 65 knots, and unstable 
faster than that. Still, Mr. Baynes had it 
right. With the CG at or ahead of 40%, the 
HM.14 would be unlikely to end up in the 
unrecoverable dive that caused most of 
the accidents. 

The final fix to the basic configuration 
was likely the result of getting the right 
answer for the wrong reason. As we saw 
last month, some people believed that 
the close proximity of the trailing edge of 
the front wing to the upper surface of the 
rear wing when the stick was back caused 
a Venturi effect that increased the lift of 
the rear wing and forced the nose down. 
They therefore concluded that the rear 
wing should be moved aft far enough so 
that the two wings did not overlap, and all 
post HM.14 Fleas have had this feature. 
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+ High-mounted front wing on struts 

and low center of gravity (CG). 

+ Longitudinal control by varying 

front wing incidence. 

+ No ailerons: All lateral/directional 

control provided by the rudder. 

Since our primary focus here is on longi- 
tudinal stability and control, the last item 
is not significant. What is most impor- 
tant is how.the combination of CG, the 
variable-incidence wing control, and the 
presence of the rear wing play together. 

Viewed in this light, the Pou looks very 
much like a modern trike with a large tail 
(rear wing) added to it. The CG is well 
below the front wing, and the variable- 
incidence pitch control works exactly like 
the control bar of a trike. 

It’s easy to fall into the trap of think- 
ing of the fuselage as inertially fixed and 
see the primary effect of changing wing 
incidence as a change in wing angle of 
attack. This is not the case because the 
fuselage is not fixed. It’s hanging from 
the wing and free to pitch. Moving the 
stick changes the angle between the 
wing and the cabane struts, suspend- 
ing the rest of the airplane below it. This 
moves the CG forward or back relative 
to the wing in the same way moving the 
control bar of a trike does. 


Don't have a tailwheel endorsement but want a Flying Flea? You can build an HM.14. 
with tricycle gear. (Photo: Happy Days Photos and Art [CC BY 2.0], via Wikimedia Commons) 


The low CG causes the pitching- 
moment curve to have the same type of 
nonlinearity we saw a few months ago 
in our discussion of trikes. The airplane 
becomes more stable as angle of attack 
increases, and less stable as it decreases. 

The rear wing, which is fixed to the 
fuselage, stabilizes the airplane and adds 
a relatively linear stability increment. 
Accordingly, a Pou will have an aft CG 
limit that is farther aft on the front-wing 
chord than a trike. The trap Mignet fell 


into was thinking that, as a tandem-wing 
airplane, the Pou should have a CG very 
far aft to share load between the front 
and rear wings. 


Analysis 

With this in mind, let's now analyze the 
Pou the same way we did a few months 
ago for trikes. The analysis that follows 
uses linear methods and does not model 
stall, flow separation, or any mysterious 
“slot effect.” It does properly model the 


Pilot Commanded Trim AOA 


oos t — Front Wing Incidence -1,34 
& — Front Wing Incidence -1.13 
oo 2 
$ Front Wing Incidence -0.8 
ows 9 s 
z ~ 
so a 
0 p e Se a Sge e 
0 1 2 3 4 5 6 “u N 16 v 18 9 » 
£ an 
0005 N 
è i 
ao A A 
20s 8 tf 3 ba 
u / Body Angle of Attack \ 
on v x \ 
om 
oas 4 — Front Wing Incidence -1.34 ~~ 
i 5 — Front Wing Incidence -1.13 
v + 
rd Front Wing Incidence -0.8 
T 9 ———. 
oms $ ——_—— = = a 
— = —— — p eee a oe, 
53 s 40 45 s 55 w 6 n 5 
w B Fl = ; 
Q / POO es 
001 v ¥ 
8 a Airspeed (Keas) iii 
ws Z / pe 
4 F; 


an 


Figure 1: HM.14 with CG at 50% of front wing chord. 


Graphs: Barnaby Wainfan 
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= Front Wing Incidence 3.2 
= Front Wing Incidence 1.95 


Pilot Commanded Trim AOA 
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Figure 3: HM.14 with CG at 40% of front wing chord and rear wing moved back 25% chord from original position. 


In fact, the wind-tunnel results show 
that this Venturi effect did not happen, 
but moving the rear wing aft did have 
favorable effects for a much more prosaic 
reason: Moving the rear wing aft acts like 
increasing the tail arm of a conventional 
airplane. It increases the stabilizing influ- 
ence of the tail (or rear wing in this case). 

Figure 3 shows our HM.14, with the 
CG at 40%, and the rear wing moved aft 
25% chord from its original position. The 
plots show that, while some nonlinear- 
ity remains, this version of the airplane 
remains stable over the complete pre- 
stall angle of attack range. (Stall is not 
modeled in this analysis). 

From the above, we can see that Mr. 
Baynes’ assessment of the Pou was sub- 
stantially correct. The basic Pou configu- 
ration is reasonably sound, provided it 
is properly designed and analyzed. The 
divergent dive characteristic of the origi- 
nal HM.14 is predicted by conventional 
analysis, provided that analysis properly 
accounts for the effects of the vertical 
position of the CG and the variable-inci- 
dence front wing. 

The tricky bit here is that both of these 
effects are normally ignored because they 
are small enough to be treated as negli- 
gible on conventional configurations. + 


TH 7 


Weak Starting 


The complaint was that starter cranking was slow and anemic. Must be the 
battery, right? Nope. The main negative lead to the battery was found to be 
corroded and of the wrong internal diameter, not allowing good contact with the 
battery. The wrong size hole on the battery cable really reduces the contact area 
on the battery stud, severely limiting amperage, and in some cases will eventually 
cause enough heat to burn through the connector. + 


—Vic Syracuse 
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